Although behavior is often examined in a dyadic or group context, behavioral interactions are also influenced by the broader social context. Interactions with neighboring groups may provide information about the local environment or may offer important reproductive opportunities. Considering the potential fitness consequences of intergroup interactions, particularly for territorial species that have long-term relationships with neighboring groups, we expect individuals will alter their behavior based on access to surrounding groups. We used a cooperatively breeding cichlid Neolamprologus pulcher to determine if individuals vary their response to a predator when neighbors were present versus absent. We found no difference in dominant behavior between neighbor present and neighbor absent treatments, but subordinates increased their defense against the predator when neighbors were present, particularly when the neighbor was unfamiliar. Subordinates may change their behavior when neighbors are present in order to signal to or cooperate with neighboring individuals but may also be responding to the change in intragroup dynamics that can result from the presence of neighboring conspecifics. This study illustrates the importance of considering the effect of neighboring groups on individual behavior, given that intergroup dynamics can influence behaviors that do not directly involve conspecific interactions.
IntroductIon
For nearly all organisms, conspecific interactions are a strong determinant of how successful an individual is within its environment. These interactions have traditionally been studied in a dyadic or group context, where it has been shown that the composition and size of the group strongly influences individual behavior (Heg et al. 2004; Kutsukake 2006 Kutsukake , 2007 Hamilton and Ligocki 2012) , survival (Kokko and Ekman 2002; Barocas et al. 2011) , and reproduction (Heg 2008; Heg, Jutzeler, et al. 2008) . Although most individuals spend the majority of their time interacting with members of their immediate social group, individuals in many social species also interact with neighboring groups. Intergroup interactions provide valuable opportunities to gain information that may not be available from interacting with individuals within their group, including information about local conditions such as predator threats (Heg, HegBachar, et al. 2008) , breeding opportunities (Lazaro-Perea 2001), resource availability (Krause et al. 2007) , and conspecific competition (Sicotte and Macintosh 2004; Sih et al. 2009 ). Consequently, individuals often seek out interactions with neighboring groups (Doolan and MacDonald 1996; Reed et al. 1999; Young et al. 2005; Kesler and Haig 2007) . However, neighboring groups can also have an indirect influence on individual behavior by altering intragroup dynamics (Lazaro-Perea 2001; Radford 2008 ) and the opportunities available to individuals (e.g., dispersal, mating; Westneat and Sherman 1997; Heg, Heg-Bachar, et al. 2008) . This suggests that the presence of neighboring groups may change how individuals make decisions in a given social environment, particularly for behaviors that have shared fitness implications for individuals in neighboring groups.
Antipredator behavior is important for both intragroup and intergroup dynamics on an ecological and social scale. Within a group, antipredator behavior is highly important in reducing mortality (Caro 2005) , but it can also serve a social role as a cooperative behavior used to appease more dominant individuals (Heg and Taborsky 2010) . In terms of intergroup dynamics, individuals often monitor neighboring groups for antipredator behavior to know when to flee from predators (Heg, Heg-Bachar, et al. 2008; Gaynor and Cords 2012) and the presence of neighbors has been shown to reduce antipredator effort in mating pairs by allowing individuals to exploit the defense effort of neighbors (Kazama and Watanuki 2010; Schädelin et al. 2012) . Although this demonstrates that individuals adjust their behavior when neighbors are present, the social system is expected to influence how individuals adjust their behavior in the presence of neighbors.
We used the group-living cichlid Neolamprologus pulcher to evaluate if and how individuals within a group shift the quantity and intensity of their aggressive interactions with the predator when neighbors were present versus absent.
Although several recent studies (Kazama and Watanuki 2010; Schädelin et al. 2012) have found that neighbors reduce individual defense against predators in colonies of pair-living animals, there are 2 important ways in which social dynamics in a system with mating pairs are expected to be very different than the dynamics in a social system with large groups defending permanent territories. First, mated pairs differ in within-group social dynamics, as there are fewer potential partners for group cooperation and dominance relationships. Second, opportunities for movement are more common and more important in larger groups with nonbreeding individuals than they are for mating pairs (e.g., Koenig et al. 1992; Reed et al. 1999; Kesler and Haig 2007) .
We predicted that N. pulcher individuals would increase their defense effort in the presence of neighbors and that subordinates should be particularly sensitive to the presence of neighbors. These predictions arose for 2 main reasons. First, because group members, particularly subordinates, have opportunities to move to nearby groups, they are expected to benefit from using antipredator behavior to convey information, such as fighting or helping ability, willingness to cooperate, suitability as a mate, and individual identity, to nearby groups because it should have future implications for their relationship with these groups (Sicotte and Macintosh 2004; Kesler and Haig 2007; Young et al. 2007 ). Second, the presence of neighboring groups is expected to change social dynamics within the focal group by reducing dominant tolerance of subordinate behavior (Hellmann JK, Reddon AR, O'Connor, CM, Ligocki IY, Garvy KA, Marsh-Rollo SE, Hamilton IM, Balshine S, unpublished data) , forcing subordinates to invest more energy into predator defense to avoid punishment from more dominant individuals . We also predicted that defense against predators should be higher for unfamiliar neighbors than for familiar neighbors, given that social vigilance between groups is highest when neighbors are unfamiliar (Stamps 1991) and that increased antipredator behavior may improve the rate at which unfamiliar neighbors learn to recognize specific individuals (Dale et al. 2001) . This is critical due to the important benefits to having familiar neighbors (dispersal, safe havens; . The presence of neighboring groups is expected to influence the range of options available to a given individual. Quantifying if and how neighboring groups influence individual behavior will elucidate the extent to which the larger social context should be considered when examining intragroup dynamics.
MaterIals and Methods
Neolamprologus pulcher is a cooperatively breeding cichlid native to Lake Tanganyika, East Africa. Groups defend rocky territories clustered in colonies of 2-200 groups (Stiver et al. 2007 ); each group is composed of a dominant breeding pair and 1-15 subordinate helpers that care for the offspring of the dominant breeders (Taborsky and Limberger 1981; Balshine et al. 2001) . Subordinates form size-based dominance hierarchies and queue for the opportunity to gain breeding status in their current territory (Werner et al. 2003; Fitzpatrick et al. 2008; Stiver et al. 2008 ). However, many individuals cannot gain breeding status in their natal territories (Stiver et al. 2006 ) and consequently disperse to neighboring territories to fill vacant breeding positions or assume a more dominant helping position in another group (Stiver et al. 2004; .
Thirteen groups of N. pulcher were housed in 114-L aquaria with one-half of an inverted flowerpot as a shelter and potential breeding site. To mirror natural conditions, a 12:12 h light:dark schedule was maintained for the duration of the experiment and water temperatures were kept constant at 27 ± 1 °C. Fish were fed daily and ad libitum with either TetraMin flakes (5 days a week) or frozen Daphnia or Artemia (twice per week). Groups were established more than a year prior to this experiment. Dominant breeders were wild caught or F1 offspring of wild-caught fish from Kipili, Tanzania; all subordinates were descendent offspring of the dominant breeding pair. Group size varied from 3 to 10 individuals. All groups had at least 1 subordinate >25 mm standard length (SL, the length from the tip of the snout to the base of the caudal peduncle) and most groups also had juvenile individuals (15-24.5 SL), which were included in determining group size but were not observed during the behavioral observations. Prior to behavioral observations, all individuals >25 mm SL were measured and reproductive mature individuals were sexed.
In a randomized order, we exposed focal groups to a predator when neighbors were present and when neighbors were absent. In neighbor present trials, focal groups were able to see and interact with the group in the neighboring aquarium; in neighbor absent trials, barriers were placed between the 2 aquaria so that groups could not see the neighboring group. Prior to conducting behavioral observations and between treatments, groups were given 7 days to adjust to the absence or presence of neighbors. In addition to examining the effect of the presence of neighbors, we also evaluated the effect of the familiarity of neighbors. For trials in which focal groups could interact with neighboring groups, half of the groups were exposed to groups that they had been neighbors with for more than a year prior to this experiment, whereas the other half of groups were exposed to novel neighboring groups. All neighbors were unrelated to the focal group.
We presented a heterospecific fry predator Altolamprologus compressiceps to the focal group to induce antipredator behavior. Social monitoring occurs in other species when predation pressure is moderate, but not when it is high (Hirsch 2002) ; therefore, by selecting fry predators, predators represent a moderate threat that still elicits predation defense, but at a lower rate that still permits social monitoring and intergroup interactions. Predators were measured and individually marked prior to the experiment (we used 6 predators ranging from 34 to 43 mm SL). A randomly assigned predator was introduced into the aquarium in a clear glass jar. Predators were captured and given a 2-min acclimation period before the jar was placed on the opposite side of the aquarium as the neighboring group; when the group was isolated, the jar was placed in the same position for standardization. We also conducted a control treatment in which we presented an empty jar to the focal group to ensure that individuals were responding to the predator rather than the jar itself. During control observations, the jar was filled with distilled water and the same experimental procedure was followed. Groups were given 1 min to adjust to the presence of the jar before behavioral observations began.
Fifteen-minute behavioral observations were conducted between the hours of 1200 and 1500. Observation periods were video recorded and were later scored to ensure a complete and nonbiased documentation of all behaviors. We recorded all aggressive interactions of dominant breeders and subordinate helpers >25 mm with the predator, as well as all aggressive, affiliative, and submissive interactions within the group and with neighbors. Behavior for juveniles (individuals <25 mm) was not recorded, as fish under that size rarely displayed to the predator or neighboring group and many behaviors of small fish could not be reliably identified on recordings. Aggressive interactions were divided into overt aggression (any aggressive behavior with physical contact: ram, bite, tail beat, and mouth fights) and restrained aggression (any aggressive display without physical contact: chase, fin raise, puffed throat, head shake, hook and "J" display 
Statistical analysis
We analyzed the predictors of predator defense levels using linear mixed-effects models (R 2.14.2, package nlme). All aggressive behaviors were pooled into 2 categories: overt or restrained. For most of the analyses, total aggression toward the predator (sum of overt and restrained aggression) was used as the dependent variable because overt aggression was fairly uncommon. Counts of aggression were square-root transformed for normality. Random effects of predator identity, group, and individual identity (nested within group) and fixed effects of sex/status (dominant males, dominant females, or subordinates), treatment, and type of neighbor (familiar or unfamiliar) were tested in the models. The number of subordinates and group size (number of juveniles and subordinates) were tested as additional fixed effects and did not influence the relationship between treatment and sex/status. Predator size was also considered as a random effect instead of predator identity, but including predator size significantly worsened the fit of the model in comparison to predator identity. Interactions were tested and nonsignificant interactions were removed from the models.
results
No aggressive response was produced in control trials with an empty jar; however, aggressive responses were elicited from the group when predators were present (Welch's t-test; t = −5.48, degrees of freedom [df] = 80.63, P < 0.001). There was no effect of treatment on total group aggression toward the predator (sum of overt and restrained aggression; F 1,19 = 0.74, P = 0.40); however, when considering overt and restrained aggression separately, we found significantly higher levels of restrained aggression toward the predator when neighbors were present (F 1,19 = 5.65, P = 0.015; Figure 1 ). Group size was also a significant predictor of total group defense against the predator, with increased defense in larger groups (F 1,18 = 8.34, P = 0.01). However, the number of subordinates (the individuals for whom predation defense was recorded) was not as strongly correlated with group defense against predators (F 1,19 = 3.74, P = 0.07).
In treatments with no neighbors, there was no effect of sex/status on total aggression toward the predator (F 2,31 = 0.57, P = 0.57).
When exposed to neighbors, dominant males and females still showed equivalent levels of aggression to each other, as treatment had no impact on either dominant male (F 1,18 = 0.02, P = 0.88) or female (F 1,18 = 0.40, P = 0.54) defense (Figure 2 ). Subordinates were significantly more aggressive toward the predator than dominants when neighbors were present (F 2,29 = 11.14, P < 0.001), due to a significant increase in defense effort compared with nonneighbor treatments (F 2,29 = 4.70, P = 0.04). In treatments with neighbors present, there was no impact of neighbor familiarity on dominant males (F 1,5 = 0.63, P = 0.46) or females (F 1,5 = 0.01, P = 0.91), but unfamiliar neighbors elicited significantly higher levels of aggression toward the predator for subordinates (F 1,5 = 7.21, P = 0.04; Figure 3 ). We found no difference in interactions between the focal group and the neighboring group when neighbors were familiar versus when they were unfamiliar (F 1,31 = 1.44, P = 0.16). The number of interactions (aggressive and affiliative) with the neighbor was not correlated with aggression toward the predator for dominant males Figure 1 Least squared means for group overt and restrained aggression against the predator between neighbor absent and neighbor present treatments. Means and 95% confidence intervals (CIs) were calculated from square-roottransformed data and backtransformed.
Figure 2
Least squared means for total aggression against the predator between neighbor absent and neighbor present treatments for dominant females, dominant males, and subordinates. Means and 95% CIs were calculated from square-root-transformed data and backtransformed.
(F 1,5 = 0.45, P = 0.53), dominant females (F 1,5 = 2.11, P = 0.21), or subordinates (F 1,5 = 0.57, P = 0.48).
When examining intragroup dynamics, we found no difference in dominant aggression toward subordinates when neighbors were present versus absent (F 1,18 = 0, P = 1.00) nor in dominant male aggression toward the dominant female (F 1,18 = 0.96, P = 0.36). There was a slight but nonsignificant decrease in subordinate submission (per aggressive act received) to dominants when neighbors were present (F 1,18 = −1.71, P = 0.11).
dIscussIon
We found that the presence of neighbors had no effect on dominant male and female behavior, but it did increase subordinate aggression toward the predator (Figure 2) , particularly when the neighbor was unfamiliar. There seems to be no evidence of a dilution effect, as there was no reduction in defense against the predator when neighbors were present (Figure 1) . It is possible that a dilution effect could have the opposite effect. The presence of additional individuals may reduce the perceived threat of predators and increase subordinate defense by increasing the safety of defending against the predator; however, this seems unlikely given that evidence of "dilution effects" in previous experiments have resulted in the reduction of defense effort (Kazama and Watanuki 2010; Schädelin et al. 2012 ) and individuals showed an increase in restrained, but not overt aggression, which is the safer form of aggression because it can be done from a distance.
There are several nonmutually exclusive hypotheses that may explain why subordinates, but not dominants, increase their defense against the predator when neighbors are present. Subordinates could be reacting directly to the presence of neighbors by helping in order to gain a future benefit from a neighboring group. This benefit could come in several forms. First, by increasing their defense against the predator, subordinates could increase their chance of being accepted as a future group member or mate by signaling their willingness and/or ability to contribute to group survival (Dugatkin and Godin 1992; Dale et al. 2001; Wong and Balshine 2010) . Defending against predators would be an ideal signal of the value of a particular individual to a group because this behavior is both costly (Grantner and Taborsky 1998) and important to group survival. Because it is costly, however, the amount of effort an individual puts into this signaling should correlate with the amount of potential reproductive fitness that can be gained from nearby groups. As most subordinate individuals disperse to neighboring groups to breed (Stiver et al. 2007 , whereas dominant individuals depend on the productivity of the group for most of their current and future reproductive fitness (Reeve 1991 , fish: Brouwer et al. 2005 Awata et al. 2010 , insects: Gadagkar 1990 Field et al. 2000; Field 2002, mammals: Smith et al. 2007 , and birds: Kingma et al. 2010) , we expect intergroup signaling to be more important for subordinates than it is for dominants.
Second, subordinates may also benefit from defending against the predator when neighbors are present because it may incentivize others to defend in the future (reciprocal altruism; Trivers 1971). Reciprocal altruism would be likely to occur in colonial species, where groups are expected to have long-term relationships (Trivers 1971; Roberts 2005) . Cooperation is expected to be particularly beneficial for subordinate individuals, who participate heavily in intergroup conflicts and intruder defense (Lazaro-Perea 2001; Radford 2008) .
Because groups hold territories, the expectation is that groups will have long-term relationships with nearby neighbors, regardless of whether or not the neighbor is familiar. If individuals benefit from increasing their defense against predators when neighbors are present, there may be distinct advantages to exhibiting this behavior in the presence of unfamiliar neighbors. First, individuals are more visually attentive to unfamiliar neighbors and monitor them at higher frequencies (Roberts 1988; Kutsukake 2006 Kutsukake , 2007 , possibly due to the need to learn to recognize each other, judge competitive ability, and establish a social relationship (Stamps 1991) . This means that a signal of cooperation or individual ability may be more likely to be received by unfamiliar neighbors. Second, there are also clear advantages of being familiar with neighboring groups (dispersal, safe havens: . Because there is evidence that groups monitor predation events in neighbors (Heg, Heg-Bachar, et al. 2008; Gaynor and Cords 2012) , playing a more active role in defense may increase the rate at which unfamiliar neighbors learn to recognize specific individuals (Dale et al. 2001) . Finally, cooperating with neighbors, particularly unfamiliar neighbors with whom individuals have not yet established a cooperative relationship, may set a precedent for having a cooperative relationship in the future or preventing future conflict (Hamilton and Taborsky 2005a; Raihani et al. 2012) .
In addition to direct benefits of intergroup interactions, there are alternative, but not mutually exclusive, hypotheses that may explain why subordinates increased their defense against the predator when neighbors were present. Subordinates compete with dominants for resources and reproductive opportunities (Buston 2003; Wong and Balshine 2010 ) but mitigate these costs by helping to raise offspring, maintain the territory, and defend against intruders (Taborsky and Limberger 1981; Taborsky 1984; Balshine-Earn et al. 1998) . Biological market theory predicts that subordinates should be highly valued and more tolerated when there are only a few (Noë and Hammerstein 1994; Kutsukake and Clutton-Brock 2008) . The presence of neighboring groups increases the pool of potential subordinates and allows dominants to expect more help (i.e., more defense) in exchange for subordinate presence on the territory (pay-to-stay; Wong and Balshine 2010) . This is often accompanied by increased dominant aggression toward the subordinates in the presence of neighbors (Hamilton and Taborsky 2005b ; Hellmann J, Reddon A, et al., unpublished data). Least squared means for total aggression against the predator for familiar versus unfamiliar neighbors for dominant females, dominant males, and subordinates. Means and 95% CIs were calculated from square-roottransformed data and backtransformed.
Although we found no evidence of this, subordinates can adjust their behavior in order to preemptively avoid dominant aggression, which may explain the lack of observable difference in aggression between treatments .
Social behavior is usually explored in the context of dyadic or within-group interactions, but the larger social environment is rarely accounted for when assessing individual decision making. Our results demonstrate a specific influence of neighboring groups on individual behavior, but shifts in the social context are expected to alter intergroup dynamics. For instance, relatedness is expected to have a strong influence on intergroup interactions. Neighboring groups in the wild are often related to each other because individuals normally disperse to nearby territories (Stiver et al. 2007; Heg, Heg-Bachar, et al. 2008) . Although neighboring groups in this experiment were unrelated to the focal group, there should be kinselected benefits of cooperating with familiar relatives (Hamilton 1964) that are expected to influence the dynamics between neighboring groups. In addition, greater opportunities for extrapair parentage and/or polygyny in a species may increase dominant response to neighboring groups. The fact that extrapair paternity is fairly common in this species and extrapair maternity occurs, but is rare (Dierkes et al. 1999; Heg et al. 2006) , may explain why we found only a slight decrease in female aggression and no decrease in dominant male aggression when neighbors were present. Dominant individuals should be expected to reduce the amount they defend against the predator if subordinates willingly increase their defense against the predator, but the fact that we did not see this may demonstrate that dominants receive smaller, but still significant benefits from neighboring groups. Exploring the influence of neighboring groups in a wider variety of social contexts is expected to further our understanding of the influence of intergroup interactions.
This study illustrates the importance of considering the effect of neighboring groups on individual behavior given that 1) intergroup dynamics can influence behaviors that do not directly involve conspecific interactions and 2) individuals of varying social statuses may have differential responses to neighbors. The presence of nearby groups offers direct opportunities to increase reproductive success through dispersal or extrapair parentage. Individuals who can gain the most reproductive success from these opportunities (usually subordinates) should be most likely to respond to the presence of neighbors. However, these same individuals are often the most influenced by any change in intragroup dynamics that results from the presence of neighbors. It is likely that both of these mechanisms produce changes in individual behavior and future studies should attempt to separate the direct influence of neighbors from the accompanying change in intragroup dynamics in order to elucidate the relative influence of each on subordinate and dominant individuals. We suggest that further exploration into the relative influence of intragroup versus intergroup dynamics will provide important insight into the evolution of sociality by elucidating how the fitness benefits of social relationships change as a result of individual characteristics or the structure of the social environment.
